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NOTICE OF PROPOSED RULE MAKING --- PR

PURPOSE:

The overall purpose (goal) is stated as promotion of more efficient
use of frequency bands below 512 MHz. It has been obvious for years
that the ~.F. channel spectrum available is saturated already, with
no chance of additional allotments in the forseeable future. From
a practical aspect, other non-R.F. approaches appear necessary (if
and where feasible). The following Proposal for FCC evaluation, does
not concern itself with R.F. considerations per se, but rather with
the modulation aspects primarily for AM and SSB techniques.

PROPOSAL:

The following discussion, plus attached data, provide overall
parameters of a newly-Patented (No.5, 142,580 of 8/5/92) Narrow
Band speech modulating method, resulting from some years of inten
sive experimentation and design.

While common carriers normally utilize a standard voice frequency
band of 200 Hz to 3400 Hz, this is not necessary for many voice
communications networks (ie. for non-common carrier facilities). It
could however, also be well-suited for certain common-carrier ser
ices for economic and other reasons. All that is actually required
for efficient voice communications is adequate (>75%) syllable,
word and sentence articulation, plus recognition of the speaker~
voice. This new Patented system provides these characteristics.

The Patent capitalizes on the latter parameters, and the fact that
for both male and female voices, the bulk of speech power is cont
ained in the frequency range of about 200 to 700 Hz. This method
also provides a noticeably increased SiN ratio improvement, while
simultaneously rejecting lower and higher sideband noises. The
net result is what has been consistently described lI crisp/clear ll

speech, with full recognition of the speaker(s) voice(s). At the 3
db points (see attached graph) the bandwidth is intentionally red
uced to only 410 Hz. Based on logarithmic formulae, the actual band
width can altered as deemed appropriate to a specific application.
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Using this reduced speech bandwidth, one can expect l or 3 (shared
or exclusive) new R.F. voice channels for each single radio voice
channel now in use or planned. If this new system is largely or
universally (and also internationally) adopted voluntarily or by
official mandate, it should help considerably in beating the curr
end radio band availability IIcrunchli. Likewise, when it can be
utilized in conjunction with any other techniques that may be
adopted now and in the future, it will further assist in allev
iating the current and future problems defined by this and other
Rule Making Procedures. Metaphorically- speaking, it may well
become the proverbial IIbetter mouse traplilre voice communications.

A tape recording of the standard telephone voice band vs. the new
compressed speech system has been provided to the FCC Chief Engineer,
Office of Engineering & Technology, (also to the FBI by request).

Four copies of this submittal are provided as stipulated, in addit
ion to this original copy, together with enclosures.

Sincerely,
Qo-,cp.~

JVp. Nell, P.E. (KN6B)
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OVERVIEW

The world is accustomed to telephone, radio. TV and Satellite speech quality as
determined many years ago by Bell Labs. and other experts in this field. In
electronic communications systems, in landline (carrier) and especially radio
and other non-wire transmission systems, this limits the channel bandwidth avail
able. in the long overcrowded spectra.

Under a new Patent(5.142.580) , this overcrowding can be reduced and channel widths
lowered (i.e. more speech channels (or speech plus data) can be made available.
For those with technical backgrounds, current common-carrier landline and radio
voice circuits. typically use Cftelephone bandwidth ofZX) Hz (Hertz) to 3400 Hz.
The FCC specifies this voice range in Part 68 regulations.

However. in actual fact, all that is required for good speech communications, is
adequate (about 75% min.) syllable, word and sentence integrity, plus recognition
of the speaker's voice. This is readily obtainable with sUitably-chosen speech
bandwidths. as appropriate to the applications. It also includes aids to the
"hard of hearing".

Under this new Patent 5,142,580 of 8/25/92,speech bands are arbitrarily compressed
to much more narrow limits than the standard common-carrier range for local/long
distance n~rl<s mentioned above, while still retaining all the necessary voice
communications characteristics.

The bulk of speech power is contained~ about 200 Hz and 1000 Hz. The peak
level for both male and female voices is generally around 300 to 500 Hz. Many
people with hearing impairments, especially older ones, lose higher frequency
acuity, but do hear the lower ones within the highest power region noted above.,
with the help of hearing aids.

This system capitalizes on the bulk speech power maximum power region. Though
based on logarithmic formulae, it can be adjusted in total bandwidth for specific
purposes. In technical terms (see graph), the lab. prototype has a bandwidth of
only 340 Hz at the "3 db points"; that is from around 410 Hz.to750 Hz and the
additional level emphasis, but nevertheless completely recognizable, clear and
absence of of sideband noises. ObViously there are many future advantages this
method can implement.

The main applications are for short or long distance communications by landlines
or radio (commercial, industrial, business, Amateur, military, Satellite and ship
to shore, ship to aircraft and aircraft to aircraft/land) plus cellular radio.

REGISTERED PROFESSIONAL ELECTRICAL ENGINEER (California)
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With theshortage of further available radio. etc.communications spectra. this
narrow band system offers additional voice (analog or digital) or voice plus
data assignments without the necessity for limiting future licenses completely.

The above aspects cover the bulk of uses for the new narrow band system.
The landline (telephone) applications will technically permit two duplex voice "lines"
under 5 KHz (landline or radio), where only one is currently permissible.
Since there is a sort of predictable (logarithmic) "quality" degredation. even
though no problem recognizing speaker's voices. this may have more utilization
on commercial. business. airline. military and "order line" applications.
Even the telcos should consider it in many cases, even though non-standard.

Radio voice channel users will offer the greatest opportunities since the FCC
should be able to add in extra (even "exclusive") channels for voice-only R.F.
channel assignments. and possibly on the basis of two extra allocations for
each existing assignment. with adequate equipment designs.

Amateur Radio. the most crowded of all non-common carrier voice channel users.
has enormous potential. Currently statio~ close together generate "heterodyne
beat ll tones (called QRM) which: Ii i mJ t or stop intell igent conversations.
The new system with narrow band characteristics noted above re Hearing Aids •• per
mits two to three additional Ham Radio voice channels for each current single one.
It is applicable to AM.SSB. NBFM for commercial. and military uses as well as

-Amateur. An additional double advantage is secure IIscrambled" speech needs.

The development period has taken several years (lfexperimentation to arri ve at
the commercially-usable parameters. This has been done primarily via Amateur Radio
since these bands present the worst possible communications conditions of adj
acent channel plus atmospheric and electrical noise (QRN) interference. So far.
local and world-wide communications have indicated that unless the listener is
advised that speech is narrow band. there have been no comments. pro or con.
When asked. the called parties say the speech is crisp and clear. One listener
asked if aBC (Broadcast) mike was in use. Those acquainted with the speaker's
voice had no problem with recognition.

There is an extra advantage from the equipment (economic) aspect. that is, small
size and low weight. plus relatively mnor electronic design complexity. While
the lab. protype uses discrete (indiVidual) components) it lends itself well to
possible "single-chip" design. The Patented system is only required at the trans
mitting end in radio systems. located between the microphone (orbunt-in) or other
input to the transmitter's A.F. (audio) input section. Normally. nothing extra
is required for the radio receiver. While various attempts at narrow banding
speech have been tried, they were unsuccessful due to complexity. high cost and
the need for decoding at the receiver end.

This new Patented narrow band system appears to satisfy much of the FCCls PR DOCKET
NO. 92~235 released by the FCC 9/6/92, and currp.ntly under discussion. re
various means of greater spectrum use in various communications band~.





_C_-hte".til, N.w P,.4.ch EXCERPT FROM FCC PART 68 BULLETIN
we just received In Ippllc8tion for I T-1 dlgltll bmerfrom MufItKcea for inter-
facing T-11nput5 to the SwItched Megabit Digital S8Nices (SMOS) netwoftt. Also,
StretaCom sent In an application for an interface to the Frame Relay service that
multiplexes up to 24 channels of 58 or 84 kbps inputs. Phil Nel, who does Part
88 compliance testing, sent me a copy of his recent patent which permits c0m
pression of the standard 200 - 3400 Hz'volce band used in telephony to much nar
rower limits without loss of comprehension. He presented technlcel testimony.of a
ham associate who says that, when using NeY's Narrowband Voice System, he .
was able to communlc8te with NeI100%; that there was an Improvement In sIg
nal-to-nolse ratio; that the etrective bandwidth was nlduoec:l bye~1e utlHzing
only one-third of the spectrum normally occupied by single sideband amateur ra
dio transmissions. Phil apparently uses I clever combination ofa clipping circUit
and a combination of bandpass ftlters to accomplish this irnprcMment. He I8fIt
me a test tape In which he compares the YOIOe quality of the standartl 3 kHz voice
band with his nlduced 1 kHz bandwidth device. The results were uceptionally
good.
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TO,I Wh~ It M"yCQt'lClern
I.

I
1 hay. had tourt••n yea•• ot commun!catlons and .le~tr~n1cs

e)Cp.tlenoe and am employed •• an en,1n•• 1'1na .l>upervU1Qf w1',h th~

U.II. GOItl .... nm• ."t. Departmlnt ot the Ail' F'C.Ho.. Our yol' 1.
provide ••:f.tem. prOlrl*'ft'l8 and aY1alYBi.' t\Jnet.io1\ to'!' lelistics
suppaI'tt 0 r ." .'weI" ldwi dt •• ~~ III t. trAck 1TIS ne t.wer k hlilad~'"l& r t.ers" at
P.t.r.~." All' PQrc~ R•••• Colora4a.

I wa'. a.kld tQ Clommen t 01\ tit'. J. P. Nail 'sNarr OWb6"d . Va 1ce
.)fltam.

In ~y opinion, Mr. N~Sl's N.~rowb.nd VQle. Sy.tem as a;?llld to"
aM.tl~r-rad10 ~arrawb.nd gina!' sideband \r.n.~1~~io"~ f~'

~l''l'pl._ pe"'iQrm.d a. e.dvel'tt.ed and in . aocQrd"t,c:..1I with the
narrow bandwidth tpecHted. 1 part;t~tp.. ted with Mr. Nell in on
the-Ai, .Mpe~1~.nt.t10~ wsth the 'Q&l of d•• i)n 1mpTQY••~nt
t~ward. optt~um r ••Ult. which w.r. a~ht.vI~1n my vtew, 1 W~~

'bleto ,¥',ool~n12e hit vaice,under.te.nd and. OCl"\IftuniQ~t. wit.h him
100" "'he." Dpe:ratll'1l 11'1 tht$ mode. AnlmprQveml1\t: 1n .t'l'Ild-to"
nQ I •• t8.'ttQ WI" qui te app.re'l"lt ~ The.f tact.l Vfl bandw 1dth appeared
to beteduced, by $1". ut.ll1zinl .only one-t.hlrdQt the epect.rurn
not,m.• ll>, OCQUp'l.dby ,lnlle 11d8ba"e:t amateur radio it~nllmi8Sl1o'l'l'

of thl. tOrt.

rtapp~ar~ the valu. ad414 .alned trom ht. system would be to
perm'it.a",)" mOte raclio tr.n_mitt.er-s, .,erhap. three time•• nor'mal
amouT\'t. 'to Olccupy atiy glvtt\ per-tion ot the tldio frequency
.pact ...·um.

~
'.' ' .• "'"--.•:>

. r"'·· .

. R.· . Hunt. 0&<t~)
13169 Olericx Drivf
Mtn. Vi.w. CA 94040
PHON',: 415/152-3871 (Office)
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RECEIV'ED

FEB 23 1993

The Commissioner of Patents
and Trademarks

Has received an application for a patent
for a new and useful invention. The title
and description of the invention are en
closed. The requirements of law have
been complied with, and it has been de
termined that a patent on the invention
shall be granted under the law.

Therefore, this

United States Patent

Grants to the person or persons having
title to this patent the right to exclude
others from making, using or selling the
invention throughout the United States
of America for the term of seventeen
years from the date of this patent, sub
ject to the payment ofmaintenance fees
as provided by law.

Acting Commissioner of Patents and Trademuks

Attest
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VOICE BA~D REDl1CfJO:\ APPARATl:S A~D
METHOD FOR J:\CREASI:\G A"AILABILITY OF

VOICE CHA:\~ELS

This application is a continuation of application SeT.
No 325,239. filed Mar 16. 1989. now abandoned.

The invention relate~ to an aparatus and a method for
frequency band reduction of a voice signal. and more
particularly to frequency band reduction by means of
clipping the peaks of a voice signal and rejecting the
harmonics created by the clipping. by means of a band·
pass filter having special characteristics according to
the invention. As a result the average voice energy level
is increased. leading to better noise reduction and sav·
ings in frequency band use.

5,142,580
1

SUMMAR Y OF THE INVENTION

BACKGROUND AND PRIOR ART

The apparatus for voice band reduction includes a
voice signal clipping circuit that c)jp~ the positive and 55
negative 2 peaks of the voice signal. followed by a band·
pass filter having upper and lower band limits such thaI
the square root of the product of the band limits falls
within a range of 650 and 900 Hertz and both the low
and high end of the band has a roll off of 6 decibel/oc· 60
tave, In other words the geometric mean value of the
band limit frequencies is within the range of 650-900
Hertz. The stated range has the dimension of Hz. but is
not equal to the signal bandwidth. which also has the
dimension of Hertz.

The band pass filter serves to remove the harmonics
created by the clipping process. whIch would otherwise
lead to severe distortion of the voice signal.

2
A low and high end roll off at a rate of 6 decibel/oc'

ta~e is nece~sary in order to maintain an acceptable
voice signal quality, Without the roll-off. the c1ippmg
and bandpass filtering causes the signal to sound

5 "boomey" and "hollow" to an unpleasant degree and
causes loss of speaker recognition, The low and high
end roll is necessary to obtain the desired frequency
band reduction,

The clipping of the peaks of the voice signal causes an
10 evening-out of the variations in the signal energy of the

voice signal. The human voice is naturally modulated
such that the root-mean-square value of the voice en·
ergy constantly fluctuates within a wide range during
conversation. resulting in a relatively 10\\ average en·

15 ergy level. The peak energy level of most transmission
apparatus is limited to a given upper value, The clipping
and filtering of the voice signal therefore operates to
increase the average voice signal level which is benefi·

U,S, Pat. No, 4.383,229 shows clipping only of spe- cial in overcoming noise and improving speech compre·
cific harmonics. which is different from the method 20 hension,
disclosed herein, The use of a geometric mean value of the signal band

Using clipping of the peaks of a voice signal followed in the range of 650-900 Hertz is lower than that of
by filtering in a bandpass filter has long been known, conventional non·reduced telephony voice channels.
t:,S Pat. )'1;0. 3.297.882 shows such an arrangement. which usua)]y have a band-width of typica)]y 300-3000
The latter patent shows only clipping and pass band 25 Hertz. giving a geometric mean value of 949 Hertz. In
filtering Clipping and band-filtering alone however has reducing the signal bandwidth by clipping and filtering.
never gained widespread use as means for band reduc- the applicant has found that it is important to move the
tion due to the fact that clipping and band filtering geometric mean value of the band limits downward by
according to the known art has resulted in poor voice controlling both the upper and lower band limit. In this
signal quality and loss of speaker recognition. 30 way a voice band of for example 300 to 2000 Hz has

Voice band reduction clearly is a much desired ob· been found to be attainable without significant loss of
ject. since it makes possible an increased number of voice quality and speaker recognition, Such a band·
voice channels within a frequency band of a given limited signal has a bandwidth of 1700 Hertz. which is a
width. This is especially true in radio communication. significant band reduction compared with the conven-
including satellite communication. and carrier-based 35 tional band width of 2700 Hertz. resulting in 1.6 times
land lines wherein the available bandwidth is con· more usable voice channels within a given frequency
strained by the availability of usable frequency bands. band, It has been found that the voice passband can be

Clipping of a voiceband slgnal according to the in- reduced to aylow as I Hertz while still retaining useable
~tant invention leads to increased voice energy levels syllabic. word and sentence articulation In addition to
especially above 1000 Hz where normal speech energy 40 some degree of speaker recognition.
levels tend to roll off. In accordance with the in~'entive concept the band·

Unlike the prior art. in the instant invention clipping pass filter and the filter means for creating the 6 decibel·
is applied on a broad band basis and the harmonics loctave roll-off can be realized by means of active or
created in the clipping process are eliminated by means passive filters or a combination thereof. or by means of
of suitable filtering a~ disclosed in more detail in the 45 a single filter or several cooperating filters.
following disclosure, The clipper circuit can advantageously be realized by

It is therefore a pnmary object of the instant inven· means of two anti-parallel silicon diodes connected at
tion to provide apparatus and a method of frequency one end to the input of the band pass filter and at the
band reduction of a voice signal having a given original other end to ac-ground. or by means of two clipping
bandwidth without significant loss of voice signal qual. 50 diodes, having their respective anode and cathode
ity and speaker recognition. joined and connected to the input of the band pass filter

and their respective cathode and anode connected to a
positive and negative clipping potential of equal magni
tude for the purpose of symmetrical clipping.

In accordance with a further feature, the band-reduc
ing apparatus according to the invention is well suited
to be combined with the transmitting apparatus of land·
ba~ed carrier systems for adding further voice bands,
The band-reducing apparatus is especially well suited to
be incorporated into radio transmitters for maritime and
airborne radio communications systems.

When used in radio communication the invention has
the further significant economic advantage that the
invention can be implemented by adaptation of only the

65 transmitting apparatus while no decoding or signal pro
cessing is required in the receiving apparatus.

In a further improved arrangement of the invention a
controlled degree of rolloff i~ applied at both ends of the

(
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6
given lower and a given upper frequency range 950 to
1200 Hertz

2. Apparatu.. according 10 claim 1 wherein said. band
pass filter is a passive filter of the third order.

3. Apparatus according to claim 1 wherein said, band
pass filter is an acti\'e filter of the third order.

4. Apparatus accordmg to claim 3 wherein said lim
iter circuit includes first and second dipping diodes
joined at their respective cathode and anode in a junc-

10 tion point connected to an input of said active filter, and
conected with their respective anode and cathode to a
ground potential for clipping the peaks of the voice
signal.

5. Apparatus according to claim 1 wherein said high
15 end frequency roll off filter means include a pa~si\'e

inductance-capacitance·filter of the second order.
6. Apparatus according to claim 1 wherein said high

end frequency roll off filter means include an active
filter of the second order.

7. Apparatus according to claim 1 including switch
means connected between said limiter circuit and said
output of said bandpass filter for selectively bypassing
said limiter circuit and bandpass filter.

8. Method for voice band frequency reduction. com-
25 prising the steps of: limiting symmetrically the peaks of

a voice band signal by means of two anti-parallel diode~

connected between ground potential and the voice band
signals. said voice band signal carried in a single circuit
branch: frequency band-limiting the voice band signal

30 in a bandpass filter having a given passband having
upper and lower band limits. and next selecting said
band limits of said bandpass filter such that the square
TOot of the product of the band limits falls within a
given range.

5
The right hand ordinate i~ graded in "liminal untts

which is an approximate measure of the quallly of artic
ulatIon of a band-reduced voice signal. One liminal unit
is a rough measure of the Just dlscernabJe increment 10

voice articulation.
The upper line labelled "quality" indicates band lim

its for a voice signal of relatively high grade. still with
band limits giving the highest degree of articulation for
a given bandwidth.

FIG. 4 shows graphs of an unclipped voice signal
(upper curve) and a clipped and band-filtered signal
according to the circuit shown the FIG. 2 (lower
curve). It has a band-width of 300 to 2050 Hertz and has
been judged by a poll of listerners to provide a good
degree of voice articulation combined with satisfactory
speaker recognition.

] claim:
1. Apparatus for frequency band reduction of a voice

signal having an upper and lower band limit. compris
ing a voice signal input. a band-reduced voice signal 20
output. a limiter circuit for limiting the positive and
negative peaks of a voice signal connected to the voice
signal input: a bandpass filter having a passband within
950 to 1200 Hertz connected to the limiter circuit for
rejecting harmonics created by the limiter circuit. the
limiter circuit having two antiparalleJ silicon diodes
connected at one end to an input of said bandpass filter
and al the other end to ground potentiaL 10\\ end fre
quen.:y roll of filter means in said bandpass filter for
producing a given decibel/oclave frequency roll off at
the lower band limit: high end frequency roll off filter
means connected between an outpUI of said bandpass
filte- and said band-reduced voice signal output: and
wherein the geometric mean value of the upper and
lower band limit of said bandpass filter falls within a 35

40

50

55

60
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